Glucagon-induced angiogenesis and tumor growth through the HIF-1-VEGF-dependent pathway in hyperglycemic nude mice.
In this study, we examined the effect glucagon-induced hyperglycemia on tumor growth as well as the role of the hypoxia-inducible factor 1 (HIF-1)-vascular endothelial growth factor (VEGF) pathway in this condition. A high concentration of glucose (HG) was utilized to treat HeLa cells under hypoxic or normoxic conditions, and transcriptional levels of HIF-1, VEGF, and basic fibroblast growth factor (bFGF) were evaluated. Moreover, the ability of an HIF-1 inhibitor to block the effect induced by HG was examined. By contrast, hyperglycemia was induced in nude mice by glucagon released from an osmotic pump, and microvessel density was determined with CD31 staining. Thus, the relationship among hyperglycemia, microvessel density, tumor growth, and the HIF-1 inhibitor were analyzed. We found that HG increased transcription of the VEGF gene, which is downstream of HIF-1. Moreover, HG impaired the function of HIF-1 inhibitors [HIF-1 small interfering RNA (siRNA) and berberine] to affect the VEGF transcription level in tumor cells. By contrast, hyperglycemia increased tumor microvessel density and promoted tumor growth, which was inhibited by the HIF-1 inhibitor. However, hyperglycemia attenuated the effect of the HIF-1 inhibitor. Glucagon-induced hyperglycemia influenced tumor microenvironments through the HIF-1-VEGF-dependent pathway and promoted tumor growth and resistance to HIF-1 inhibition treatments.